The doubly degenerate core-excited P state of CO 2 splits into two due to static Renner-Teller effect. Using the triple-ion-coincidence momentum imaging technique and focusing on the dependence of the measured quantities on the polarization of the incident light, we have probed, directly and separately, the linear and bent geometries for the B 1 and A 1 Renner-Teller pair states, as a direct proof of the static Renner-Teller effect.
Generally, when a core electron of a free molecule is excited to an unoccupied molecular orbital, Auger emission occurs and the molecular fragmentation follows. Within the lifetime of the order of femtoseconds, however, the nuclear motion proceeds in the core-excited state [1, 2] . In the case of polyatomic molecules, nontotally symmetric nuclear motion may be caused via the transition from the ground to core-excited states because they may have different symmetries in stable geometry [3] [4] [5] . Nontotally symmetric nuclear motion is of particular interest because the excitation of it may open up a new dynamical pathway of molecular dissociation [6, 7] .
The change in symmetry of stable geometry between the ground and core-excited states is well understood with the help of the ͑Z 1 1͒ equivalent-core model in which a core-excited atom with nuclear charge Z is replaced by the ͑Z 1 1͒ atom. For example, the core-excited state of a linear molecule CO 2 with a C 1s electron promoted to the lowest unoccupied molecular orbital 2p u is approximated by the ground state of the bent molecule NO 2 and thus the C 1s 21 2p u state is also expected to be bent [8] [9] [10] [11] . The structural change of the core-excited molecule, as well as of the core-excited solid crystal, can be generalized as a result of vibronic coupling of diabatic potential surfaces via nontotally symmetric nuclear motion [12 -17] . For example, the doubly degenerate core-excited P states of a linear molecule, such as C͞O 1s 21 2p u 1 P u in CO 2 concerned here, split into two states along the nontotally symmetric bending coordinate Q 2 due to vibronic coupling via the Q 2 mode, referred to as static Renner-Teller (RT) effect [8, 10, 11, [18] [19] [20] . A schematic representation of the RT pair states split from C͞O 1s 21 2p u 1 P u is given in Fig. 1 . The lower branch of the RT pair states has a stable bent geometry. This bent state has an electron in the p orbital that lies in the bending plane of the mole- In the present Letter we demonstrate that the bent and linear geometries of the core-excited RT pair states A 1 and B 1 , which were not resolved in any previous work [8 -11,19,20] , can be probed, as a direct proof of the static RT effect. The key point here is that the bending motion proceeds in the direction parallel to the polarization vector E of the incident light in the A 1 state and perpendicular to E in the B 1 state. Thus one can probe the geometry of these two RT pair states separately if one can measure the bond angle by selecting the directions of the bending motions parallel and perpendicular to E.
The experimental technique we employ here is the tripleion-coincidence momentum imaging. Using this technique we measure the linear momenta of the three ions C 2 is produced by the Auger decay of the inner-shell excited states of CO 2 . This triply charged molecular ion has high internal energy and breaks up very rapidly due to the Coulomb explosion. The bond breaking is simultaneous and the axial-recoil approximation [21, 22] is valid. Thus linear momenta of the fragment ions reflect the geometry of the molecule at the time when the Auger decay takes place. Then we can select the state in which the direction of the bending motion is parallel to the incident light polarization vector E or the state in which the molecular plane is perpendicular to the E vector, by examining the linear momenta of the three fragment ions C 1 , O 1 , and O 1 . Vector correlation among the linear momenta of the three fragment ions thus measured separately for these two states give us the direct information about the geometries of these two states.
The experiments are carried out on the c branch of the soft x-ray photochemistry beam line 27SU at SPring-8 [23] and on the beam line SA22 at Super-ACO. A beam of the sample gas CO 2 is introduced into the ionization point and crossed with the photon beam. Three fragment ions C 1 , O 1 , and O 1 produced from a triply charged parent molecular ion CO 31 2 are detected in coincidence by means of a time-of-flight (TOF) mass spectrometer equipped with a multihit position-sensitive detector consisting of microchannel plates and a position-sensitive anode. The position-sensitive anode is homemade multianodes for the experiment at Super-ACO [24] and a delay-line anode (Roentdek DLD80) for the experiment at SPring-8. The position ͑x, y͒ and the arrival time t for each of the three ions (C 1 , O 1 , and O 1 ) measured in coincidence provide the linear momentum for each of the three ions. The TOF axis is fixed in the direction perpendicular to both the photon beam direction and E. The experiments are carried out both for the C 1s and O 1s excitations in CO 2 . The photon energy band passes employed are ϳ30 meV for the C 1s excitation and ϳ55 meV for the O 1s excitation. The general results are surprisingly similar for the C 1s excitation and for the O 1s excitation. We thus exhibit the results for the O 1s excitation first in Fig. 2 and then discuss its comparison with the C 1s excitation in Fig. 3 .
We focus on the vector correlation among the linear momenta of the three fragment ions produced in the threebody breakup CO
This correlation can be well represented by the Newton diagrams. In the Newton diagrams in Fig. 2 
normalized vector is placed on the negative x axis. The linear momentum of C 1 is then plotted in the positive x and y direction, while the linear momentum of the second O 1 in the positive x and negative y directions. The intensity is given in the form of contour plots in linear scale. The data shown in Fig. 2 are recorded at SPring-8 and are practically the same as those recorded at Super-ACO.
As references for later discussion, we first show diagrams (a) and (b) recorded at the O 1s ! s ‫ء‬ shape resonance at 560 eV (note that there are two shape resonances for O 1s ionization of CO 2 , s ‫ء‬ g at 542 eV, and s ‫ء‬ u at 560 eV) and at the O 1s ! 2p u excitation at 535.4 eV, respectively. Here the two RT pair states have not been separated yet. The C 1 ion goes off slightly transverse to the two O 1 ions on average even at the O 1s ! s ‫ء‬ shape resonance, even though the molecule is believed to have a linear geometry before dissociation. Nearly the same result is obtained for the C 1s ! s ‫ء‬ excitation. Even though the stable geometry is linear, the C atom goes off slightly transverse to the molecular axis due to zero-point bending vibration. The Coulomb explosion enhances this small displacement, resulting in a non-negligible linear momentum of the C We now show our key results, diagrams (c) and (d) in Fig. 2 . In both diagrams, the excitation energy is set at the O 1s ! 2p u excitation peak. In the construction of diagram (c), however, we selected the events in which the vector product of the two linear momenta of the two O . In this way we selected the state in which the direction of the bending motion is perpendicular to E, i.e., the B 1 state in the bent geometry of C 2y symmetry (see Fig. 1 ). In constructing diagram (d), on the other hand, we selected the events in which p͑C 1 ͒ is parallel to E, with the angles between p͑C 1 ͒ and E smaller than 20
±
. In this way we selected the state in which the direction of the bending motion is parallel to E, i.e., the A 1 state in the bent geometry of C 2y symmetry (see Fig. 1 ). The purities of the A 1 and B 1 states thus selected are estimated to be better than 96%.
Diagram (c) coincides with diagram (a) and illustrates that the displacement of the C atom due to the bending motion does not occur significantly in the direction perpendicular to E. In other words, the B 1 state thus probed has a linear geometry. In diagram (d), we can clearly see that the very long tail appears for each island, illustrating that the C 1 ion goes off significantly transverse to the two O 1 ions. The equivalent results are obtained for the C 1s ! 2p u excitation. This is a direct proof that the bending motion proceeds significantly in the A 1 state. A highly excited bending motion in a linear state with A 1 symmetry, which might cause a tail structure, cannot be excited from the linear ground state due to Franck-Condon principle. The initial vibrational wave packet has little momentum. The force to push the C atom at right angles relative to the molecular axis must come with time from the electronic potential energy surface. Thus the state with A 1 symmetry probed here must have a stable bent geometry.
We now focus on the O-O correlation angle u between the two linear momenta of the two O 1 ions detected in coincidence with C 1 . We plot in Figs. 3(a) and 3(b) the signal counts as a function of u (hereafter referred to as u distribution) for the excitation to C 1s 21 2p u A 1 and B 1 and O 1s 21 2p u A 1 and B 1 , respectively. The data shown in Fig. 3 are recorded at SPring-8 and are practically the same as those recorded at Super-ACO. The u distributions in Fig. 3 are obtained from the measurements for all solid angles 4p sr and plotted for unit angle du, integrated over the azimuth angle f. To extract the relative flux per unit solid angle dV df du sinu from the u distribution of Fig. 3 one should divide the signal counts of Fig. 3 (not shown here), exhibiting a peak at ϳ165 ± . The u distributions peaking at ϳ165 ± reflect the dissociation geometry starting at the Condon point where the excitation takes place from the linear ground state with a zero-point distribution.
The u distributions for C 1s 21 2p u A 1 and O 1s 21 2p u A 1 , on the other hand, exhibit a peak at ϳ155 ± and extend to lower angles, forming a second peak at ϳ100 ± . These two characteristic angles are nearly the same for C 1s 21 2p u A 1 and O 1s 21 2p u A 1 ; only the distributions between these two angles are different. According to the Franck-Condon principle, the molecule is still linear immediately after excitation. Then the molecule starts to bend towards the turning point of the bending motion. The major peak at ϳ155 ± reflects the dissociation geometry after the Auger decay near the Condon point where the excitation takes place. The long tail which extends to ϳ100 ± on the other hand reflects the dissociation geometry after the Auger decay which occurs on the way to the turning point in the core-excited states.
The lifetime of the C (O) 1s
21 state is ϳ7 (3) fs whereas the period of the bending vibration is ϳ46 fs: hence only a small fraction ͑#4%͒ of the excited molecules can reach the turning point before the Auger decay takes place.
Care should be taken in interpreting the angle ϳ100 ± where the u distribution drops to zero. At first glance one might think that this angle corresponds solely to the turning point. A simple Coulomb explosion model, on the other hand, suggests that one cannot detect the two O 1 ions with u smaller than ϳ120 ± because of the Coulomb repulsion between the two O 1 ions. The distribution of the u smaller than ϳ120 ± can be explained by taking account of the kinetic energy given to the O atom in the evolution of the bending motion in the core-excited state and of unequal charge distributions for the three ions at the early stage of the dissociation after the Auger decay. We cannot draw a decisive conclusion on whether the observed cutoff angle of ϳ100 ± corresponds predominantly to the turning point in the core-excited state (initial-state effect) or to the cut-off angle in the Coulomb explosion (final-state effect).
In conclusion, using the triple-ion-coincidence momentum imaging technique and focusing on the dependence of the measured quantities on the polarization of the incident light, we have probed, directly and separately, the linear and bent geometries for the B 1 and A 1 Renner-Teller pair states, as a direct proof of the static Renner-Teller effect. We believe that the new technique discussed here will open a new field, i.e., a direct probe of changing geometry for each molecular excited state, even for overlapping states with different symmetries.
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